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ABSTRACT 



AJODODg Other Lhia^ a cavity having a cavity dimension i^ 
eonfig;un^ SO tliat the cavity dimension changes in response 
to electrostatic forces applied to the cavity, and at least two 
electrical structures are configured to apply clectrosutic 
forces ia tbc vkiDily of ihc CAvity, tlic electrical StrtlCtUies 
being indepcodcDtly controHnblc. 
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CONTROLLING MICRO-ELECTRO- AjJCrtUICS in h secobd wall of the cavily arc configured to 

MECHANICAL CAVITIES receive the stops. Tbeic arc also additional cavities baving 

cavity dimeesiOGS^ each of ibt cavitks being coDfigimrd so 

This application is cojatiauation-LD-pBrt of U.S. patcnl thai ibj cavity dimcrasign changes io response to electrostatic 

application Scr, No. 09/378,143, filed Aug. 20, 1999, oow 5 forces applied to tbe cavity. Tb^ct arc additional electrical 

abandoned, which is a continuatioD of \JJ&, patent applica- structures configufed to i^jply electrostatic forces in the 

tion Ser. No. 08/744,252 ffled Nov. 5, 1 996, now isKued m$ vicinities of the cavities, each of the additional cavities being 

U.S. Pat. No. 5,986,796: a coutinuatioc-iii-part of U.S. associated with ai least two of the additional electrical 

patent application Ser. No. 09/056,975, filled Apr* 8, 1998; structures. The electrical stmcturcs with which each of ibc 

and a continuadon-in-part of U.S- pMCQi applicaiion Scr. No. 10 cavities is associated are indcpendendy controllable. At least 

09/974,544, filled OcL 10, 2001, which is a divisdonal of some of the electrical structures associated with at least 

U.S. patent application Ser. No. 08/769,947, filed Dec. 19, «onje of the n^pcctivc cavities are coupled together. 

1996, DOW abandoned, which b a continuation-in-part of The cavities arc organized in groups by coupling togetiier 

U.S. patent application Ser. No. DS/554,630 filed Nov. 6, of selected electrical structures, llie coupling comprises bus 

1995, now abandoned, which is a continuation-in-part of is conductors, liie coupling comprises t^useteincDtsfjabricated 

U.S. patent application Ser. No. 08/238,750. filed May 5, on multiple levels of the apparatus, 

1994» DOW issued as U.S. Pat. No. 5,835^5, all iacaipo- In general^ in anolber aspect, the invention reature$ appa- 

raled here by reference. catUS that includes an anay of inLeri'eFDEnctric modulators, 

^v^n^f iKm actuation electrodes associated with the respective interfero- 

BACKGROUND metric modulatoT?, and a patieni of conductors connecting 

This invcntioo relates lo controlling micro-electro- aauation electrodes in groups, 

mechanical cavities. Implemeniaitons of the invention may include ilie foUow- 

M shown in FIG. 1, a micro-electro-mecfaanical structure i^g features. The groups comprise rows or columns of tbe 

(MEMS) 10 can be formed to have two walls 12, 14 artuaiion electiodefi. The giroups ootnprise pixels of a dis^ 

connected roechauicaUy 16 to define a cavity 18. The waUs ^ P^y^ ^ inteifcrometric modulatois ia aaaodatcd 

of tbe cavity can be movable relative to one another to ''^^ ^ electiOdes. Itc pattern of oon- 

contiol, for example, intcrfctDmchic optical properties of ductors connects difficront ones of tbe electrodes ass^ted 

ttie cavity. An electrode 20 can be formed oa one of the walls ^ interfcromctnc modulators m a conngura- 

so that, when a sufficient volla^ (sec FIG. 2) from a „ ^ ^ ene^ized ind^ndently^The 

voltage source 24 is applied between the electrode and the electrodes arc arranged on walls of cavities of the interfero- 

opposite wall 12, toe activation threshold of the cirviiy is '^^^^^ modulatcra. 

exceeded and the Wall 12 is drawn ctosc lo [he wall 14 by ^ general, in anodier aspect, the invention features a 

electrostatic force 26. Because of a hysiciesis cfect, the waD method that includes energizins one electrical structure to 

12 wm then remain dose to wall 14 even if the voltage fall& aPPly » elecirosutic force in the vidniiy of a cavily, and 

below v.. OolywbcD the voltage falls below a lower value, Judependentjy energizing another electrical structure to 

wiU the wall 12 retwm to its original position. apP^V ^ electrostatic fotce in the vicinity of a cavity. 

Implementations of the inveotion may include the follow- 

SUMMARY ing features. The one structure is energized to move an 

in general, in one aspect, the invention features apparatus ^ clcrocnt of tbe cavity to a first position, and the other 

that includes a cavily having a cavily dimension, ihe cavily electrical structure is cneigizcd lo waiqtaiu ibc clcuicnt ;n 

being configured so that the cavity dimension changes in position. The one structure is de-cneipzed while the 

response to electrostatic forces applied to the cavity, and at o^^r structorc remains energized. The energizing of the one 

least two electrical structures configured to apply electro- electrical structure and the other electrical structure is con- 

static foices in tbe vicinity of the cavity, the ejectrical ^ effect moie than two optical states of tbe cavity, 

structures being independently controllable . electrical stractuic is energized to apply an electrostatic 

ImplcmcDtatipns of tbe invention tnay inchxde the follow- fi^'fj^ the vicimty of each of nmltipje wfeer cavities, and 

iug features. The cavity dimension is determined by a eletstncal stmcnire is independently energized to • 

distance between two walb, and the cavity dimension deW- W/Jf f dectrostanc foi^^m the yic^y of each of the 

minesopticalpropcrticsoftbecavity.'nieoptical properties so ""J^' TTT. ^"^P^^ of Ihe electri«U 

include inter&rcQoe or n:flecta«:c. ITie two electrical stiuc- structures is controlled to indepeodentiy control the optical 

tures comprise electrodes. The electrical stmcturcs He on a ^^^^^ 5K>ups of one or more ot the cavities, 

wall of the cavity. The electrical structures lie side by side Othe' advantages and features wiU become apparent from 

on the wall of the cavity. The cavily oompriscs an interfcr- ^« foUowmg dcscnptibn and from the claims, 

cncc modulator and the cavity dimension determines an 55 DESCRIPTION 

optical state of the modulator. Ctan^ inthc cavity dtacn- j ^ , gchemadc side view of a MEMS. 

Sion that occur m rcspouse to the electrostatic? Sorce^ are ^ ^ . ■ 

chajBCttrized by hysteresis. There is also a second cavity ™' ? « hysteresis ^rve. 

adjaccm to the cavity. The cavity and the second caviiy share 3 ^ * ^op view of an iMoD array- 

a common wall. 60 F^^S. 4 and 5 arc a side view and a top view of an iMoD 

There are also stops within the cavity, the stops defining 

an inlcnnediate Cavity dimensiOQ between a minimum cav- ^ ^ hysteresis curve. 

ity dilDCDSion and a tnaxirauin cavity dimension Ihe stops FIGS. 7, 9, 10, U, 13, 14, IS, and 16 arc side sectional 

define channels between Ihom portions of a wall bf the views of various interference modulator codfigurations. 

cavity lie in response to electrostatic forces. Qpc of ttie 65 FIGS. 17a, 176, and 17c show hysteresis curves.) 

electrical structures comprises electrodes embedded within As shown in FIG. 3, in an array 28 of inlCTferom<^^Q[*[VEt-*'''l^wr I \J 

the stops. Tbe slops lie on a movable wall of the cavity. modulators (iMoDs) 30, each of the ilVIoDs can be con-^, j^^f ji'SCUliv^iT^ 
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